UNCLASSIFIED

AD NUMBER

ADCO008372

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUN 1971.
Other requests shall be referred to U.S.
Naval Oceanographic Office, Washington, DC
20390.

AUTHORITY

30 Jun 1983, Group—-4, per document
marking, DoDD 5200.10; ONR ltr, 31 Jan
2006

THIS PAGE IS UNCLASSIFIED




/
O SO ELOC’I’T Y AND BOTTOM

8 CHARACTERISTICS FOR LRAPP

: ATLANTIC AREAS I, II, AND HI(U)

ol

o 7, T A PR 8
e Ta, e

- vm‘w-'w‘?*\f
£

COPY AVALABLE TO DG DOES BOI™ 71—
B PERKIT FILLY (EBLE PRODUTION

. 4 >_ wa-mmwh&mmwmdn.mqmmmum
mmMuMﬂddehWWmﬂﬂOﬁm Deperimant of the Nevy,

Depariment of Vefoms, or Unitey! Sietes Gevernment.

NN BV N DN A

BN P

BALloald . wave Wit LR AQITE

]
l *Unruthorizee Simcl. .ara '
D — giﬂncuenm TrEnSEY oo cdoot te Crimfzay | - GRS
' - . L ~| OOWMGRADED AT 3 YEAR INTERVALS;
Sl —) P DECLASSIFIED AFTER 12 YEARS

\ 7

.“ NA/ O/ EANOGRAPHIC OFFICE

l mncq'x‘m} W-%D. éfh..,- e --"-O.N;-D ¢
ooETTT. L ONFIDENTIAL
@ .
i 5 ;.-

. WA e s i S e e .
i et N o '\

AT '
T Paiion
PN SR SO B

-

v An
F PP DTN P

a7 110726 gy

- ——— / - - . - 5 g S o . .
SRR O i By N
2




i B S R A0 o T e e it
A.‘ i ’

Lald

g | | CONFIDENTIAL

INFORMAL REPORT

,} The informal Report (IR) as produced at the Naval Oceancgraphic Office -
| is a means for personnet to issua timely sciontific and technical preliminary
repors of their investigations. These are primarily informal documents .
- used to report preliminary findings or ussful byproducts of investigations
3 and work to members of the scientifi+ and industriul communities.
2
’ informol Reports are assigned sequential numbers for each calendar year;
. the digits preceding the dash indicate the year.
A ] The distribution made of this report is determined primarily by the author. ‘
3 Information concerning obtaining additional copies or being placed en a
e distribution list for all future informal Reports in a given area of interest
E or specialty field, should be obtained from:

Ficld Management end
Dissemination Department

p——y

: _zsgt_cj_.’!..,-—---“"ﬁ‘ Code 4420
3 J us Naval Oceanographic Office
& Washington, D.C. 20390

ot e

3
+

Qi1

e Senarae i

CONFIDENTIAL

i




TITTY G AT AR v g

-

TN Yy

—

N

T

masr, DRI NER VR TR

&'o

2

- - . SETW 0 2 s R R U RN 1SS

UNCLASSIFIED ﬁg‘ R

‘bx‘ deimuab.. &

ABSTRACT (U)

7+ Inventories and summaries of sound velocity, bathymetry, and bottem
characteristics hove been compiled for three areas in the Nosth Atlantic Ocean
between 159 and 459 N latitude and east of 50° to 65° W longitude., The
following information is contained in this report: seasonal inveniories of
sound velocity profiles extending deeper than deei> axial depth, charts of the
seasorvsl extent and average axial depth of the cpper sound channel, charts of
the annual ¥strength* of the upper sound channel; charts of the annual extent
and average depth of the subsurface sound velocity moximum, annual contour
charts of deep axial depth, charts showing bathymetry shoaler than critical
depth for summer and winter, an index of the best available bathymetric contour
charts; inventories of surficial bottom sediment samples, cherts of surficial
bottom sediment analysis by grain size classes; an inventory of bottom cores
and a partial inventory of continuous seismic profiles. In addition, a brief
onalysis is given of water masses that effect sound velocity structures.
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INTRODUCTION

U By 3 Memcranaur for Underses Sorve llance Oceanugropt ¢ Certer
dated & Juiy 1970, DNR Cooe 102-069 requested that 3a'a nventcries ond
summaries of sound veloc *,, bathymetsy, ond bottom characteristics be
provided for three priont, areas in the North Atlantic Ccean see Figure 10,
NAVOCEANO letter seer 3768 of 4 August 1970 srated tha' the following
information would be piovided

e Sound veloc ty profile inventories per one-dearee squore cer
stondard three-month season

e Areal contours of the deeg sound channel axis on on annua! basis

o Areal contours of the upper sound channel oxis and depth of the
subsurface sound velocity maximum on o seasonal and ‘or annucl
bosis olong with an indication of the “strength of the upper
sound channel

e Charts showing the height and extent of boltom features shoaler
than critical depth for summer and winter

o Index charts showing the most accurate avarlable bothymetric
charts ¢na their compilation dates

¢ Charts showing the distribution of surficial sediments clossified
by principle grain size constituents

o Charts showing o portial inventory of bottom cores.
In addition, a partial inventory of continuous seismic profiles is incluced.

{U) Informgtion on the parameters cited above has been organizad in three
sections, each corresponding to one of the three priutity oreas shown on Figure 1.
In order to maintain a page size presentation, the three oreas have been broken
into ¢ total of eight subareas. Figure designations are consistent according to the
following system:

o Roman numerals designate the priority area (e.g., |, i1, or Hh

e Arabic numerais designate the parameter within each priority area
(e.g., the number of winter oceanographic observations par one-
degree square deeper than deep axial depth is Figure 1-2, 11-2, or
111-2)

UNCLASSIFIED



UMCLASSIFIED

.oz TS o ~ Loy .04 It o8 “00:

; g = = S e S
. e i [, _ w;{f M- ke

e

e v e an am e

UNCLASSIFIED

———-‘-&—
o

!
M |

_£

SY4HY KJialldd OILMYILY
dd¥T 40 RCILYL0T 3T JUiCld

1

A
vl *

LT mpmes; . e  eumm o—-='x—{:=-—1_——.—1-r —
2

"y -
. P S-R RSV AV 4 - .. .
-—ean = .I. [ h o= o v - h alI-I-l...l.IIInI..l.._ll-lv.lslwl'l-l‘l'll’l.li‘ll»l!ll.lbr

.
. = <04 .00 e +00¢ §

. o
- - e e
v —— ———. . -
-y . !KQ - Qs 8 ’, o Pl £

. .‘\9?:.-.4..\ v . % 8 2, ST ] .

w&&unﬁ b R 2% TN oY ; \ ’ & - - s ..\.{.\C\Agﬁb\ S e sp. -

o =N N shiaral s £ & TR g SN Ao )
S - e N I S e T e st o o G T e Lo S 8 D s, ALt
LR ET S a N hV aing PRSSR Cad e e i ol X YR T R Tyt T (e R0 # Do, 0 e P .
; & At HaH LR ~n el _mﬁ.rt ..:ﬁ.i,:m“sﬂ.;,ﬂ‘?rw.f ura.. L s T

S )




= Awﬂ.gé.-.‘ N

velocity minimum (usuolly absolute minimum). Critical Jepth is defined as that
depth where the sound velocity is equal to the maximum sound velociy found
ot the surface or in the surface mixed layer.

. g UNCLASSIFIED

¥ e Letters designate subareas within priority areas te.g., Figures I-2A,
5 [-2B, and 1-2C).

(U) The locations of these subureas cre shown on Figures I-1, 11-1, and HI-1,
For pumposes of this report, deep axial depth is defined as the deepest sound

SOUND VELOCITY PROFILE INVENTORIES

(U) Figures 1-2A through 1-5C, 11-2A through 11-5C, and 111-2A through
[11-5B show the number of existing sound velocity observations per one-degree
A square for the four standard seasons of winter (January through March), spring
(Apri! through June), summer (July through September), and uutumn (October
through December. Ali observations shown on these figures extend deeper than
: the deep sound channe! (see Figures 1-12, 11-12, and 111-12), The four stendard
' seasons were chosen since the area includes tropical te subarctic conditions.

.3

p)
whe Ny
~
—— RS [- 2] [ m }

These figures are based upon the following data s.r~e<

o Nationol Oceanogrophic Data Center (NODC) seasonal sound

. velocity summaries containing ol Nansen cast data extending
A3 ] deeper than 50 meters processed as of the dates shown on
Figure 2

,'

N e Sound velocimeter and Naonsen cast data from the following

NAVOCEANO Marine Geophysical Survey (MGS) Atlontic
Task Areas:

- Alpine Area SF (NAVOCEANO, Dec 1966)
- Alpine Area ST (NAVOCEANO, Aug 1968)
J - Alpine Area | (NAVOCEANO, Sep 1966a and Feb 1967q)
o - Texas Instruments (T1) Area 2 (NAVOCEANQO, Feb 1968)
- Tl Area 3 (NAVOCEANO, May 1968)
} - Tl Area 5§ (NAVOCEANO, Feb 1967b and Jun 1967)
5 - Tl Area 7/4 (NAVOCEANO, May 1969)

‘j e Sound velociiaeter data, fumished by Woods Hole Oceanographic
: Institution, from the following cruises:

- RNV ATLANTIS Cruise No, 282, Jul 1962
- RNV ATLANTIS 1l Cruise No. 11, Jun 1964
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- R/V ATLANTIS It Cruise No. 72, Jul-Aug 1966 (Beckerle, Oct 1968)
- RV CHAIN Cruise No. $2, Aug-Sep 1768 (Katz, Jun 196%)
- RV CHAIN Cruise No. 89, Mar 1969 (LaCasce, ef al., Jun 1969)

Sound velocimeter data taken by Lamont-Coherty Geological Observa-
tory during Nov-Dec 1963, Apr-May 1964, and Jun-Jul 1965 (Piip,
Jan 1966, Jun 1967, and Apr 1968, respectively)

Sound velocimeter data taken by the USNS KAME during Jun-Jul 1970
as part of Phase | of the Northeast Atlantic Basin (NEAB) surveys
(courtesy of C. Ostericher, Deep Ocean Surveys Division, NAVOCEANOQ)

All available Nansen cast and sclinity-temperature-depth (STD) recorder
data taken cs part of the Barbados Oceanographic and Meteorological
Experiment (BOMEX) by the following ships:

- USCGSS OCEANOGRAPHER, USCGC RAINIER, and USCGC
(Environmental Science Services Administration, Dec 1969)

- USNS GILLIS and R/V ADVANCE Il (ccurtesy of P, Mazeika,
NAVOCEANO BOMEX Coordinator)

Additional Nansen cast and STD data taken in support of the
Intematicaal Ice Patrol by the following ships:

- USCGC EVERGREEN, Apr-Jul 1966 (Wolford, Jun 1966)
- USCGC EDISTC, Sep-Oct 1967 (Codispoti and Kravitz, May 1968)
- USCGC WESTWIND, Sep-Oct 1959 (Bunce, Apr 1970)

Additional Nansen cast data taken in support of the International
Commission for the Northwest Atlantic Fisheries (ICNAF) in 1963
as follow:

~ at OCEAN WEATHER STATION POLAR FRONT | and |l (same cs
OWS ALFA), Jun-Jul

-~ by RS THALASSA, Apr

- by CV AEGIR, May

- by RS ACADEMICIAN KNIPOVITCH, Jun

- by USCGC EVERGREEN, Jul

- by R/V EXPLORER, Jul

(published by ICNAF, 1968)

5 UNCLASSIFIED
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¢ Additional Canccion Nansen casr dato taken by the following ships:

- CSS HUDSON, Mar-Ju! 1966 (Cancdicn Oceanographic Data
Centre (CODC), 1969q)

- CSS BAFFIN, Apr-May 1966 (CODC, 1969b)

- CSS HUDSON, Jan-Mar 1967 (CODC, 1969¢)

¢ Fleet Numerical Weather Central (Monterey) expendable bathythermo-
graph (XBT) data processed as of 1 June 1970

e Additionol XBT, sound velocimeter, and Nansen cast data taken o,
part of the first Northeast Atlantic (NEAT |) experiment during
Sep-Oct 1969 by the USINS GIBBS, RA CHAIN and ACS ST,
MARGARETS (courtesy of Acoustics Division, NRL)

# Additiona! XBT data taken by the USNS GIBBS during May-Jun 1969
and Apr 1970 (courtesy of H. Fleming and G. Shaffer, Acoustics
Division, NRL).

In addition, all available Nansen cast and sound velocimeter data taken by
Project CAESAR in the North Atlantic Ocean between 1954 and 1967 (indexed
by Bunce, Aug 1969) and by the NAVOCEANO Ocean Survey Program (OSP)
are included in these figures. idansen cast and STD data were converted into
sound velocity profiles using the equation of Wilson (1960). Various X8T data
were converted into sound velocity profiles using the equation of Wilson and
historical salinity correction foctors.

UPPER SOUND CHANNEL

(U) Figures 1-6 through 1-9, Figures I1-6 through I1-9, and Figures lli-6
through 111-9 show the areal extent and average axial depth of the upper sound
channel for each of the four standard seasons. In constructing these figures,
seasonal upper axial depths were compiled by one-degree square and averaged
on a two-degree square (i.e., four one-degree squares) basis. Two-degree
square averages then were contsureu on an areal basis. Regions where an
upper sound channel is present more than 80% of the time, 20-80% of the time,
and less than 20% of the time are indicated on each figure. For purposes of
the following discussion, the first case above wili be referred to as a permanent
vpper sound channel, the second as transitory. In the third case, an upper
sound channel effectively is absent.

(U) During winter, a permanent upper sound channel is present only east
of abaut 20° W longitude between Cape Finisterre and the Canary Islands (see

b UNCLASSIFIED
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Figure 11-6). A transitory spper sound chaanel surrounds this region north fo
about 49° N lgtitude and west to the Azores Islands. A trarsitory upper sound
channel also is present during winter in a small area east of Grand Bank. (see
Figure I-6) and throughout the Sargasso Sea (see Figure [11-6). In the Canary
and iberian Basins, upper axial depths range fram approximately 300 meters
near Cape Finisterre to greater than 900 meters north of the Canary Islands.
South of the Canary Islands, the upper oxial depths decrease. Axial depths in
the Sargasso Sea and off Grond Banks range between 100 and 300 meters
during winter, and are corsiderably snoaler thon those in the Canary Basin.
This situation prevails during all seasons,

(U) During spring, there is a permcnent upper sound channel east of about
20°W longitude between the Canary Islands and Iceland (see Figures |-7 and
11-7) and in o smal! area east of Bermuda (see Figure l1I-7). However, during
spring there are transitory upper sound channels north of cbout 25° N iatitude
except over the Mid-Atlantic Ridge and in the Labrador Basin. Ia the Canary
and Iberian Basins, upper axial depths range from less than 300 meters off
Cape Finisterre to greatc.: than 900 meters in the vicinity of the Canary Islands.

Throughout the remainder of the three areas, upper axial depths range between
100 and 200 meters.

(U) During summer, there is a permanent upper sound channel east of about
20° W longitude between the Canary Islands and Iceland, throughout the basin
south of Iceland, and across the Reykjanes Ridge into the central Labredor Basin
(see Figures |-8 and 11-8). There is also a permanent upper sound chanrel in the
Sargasso Sea (see Figure 111-8). The summer extent of the transitory upper sound
channel is similar to that during spring, with two exceptions: transitory upper
sound channels are present farther to the west in the Lobrador Basin during summer
but are absent over larger sections of the Mid-Atlantic Ridge ncrth of the Azores
Islands. Upper axial depths in the Canary and Iberian Basins are approximately
the same during spring and summer (300-900 meters). However, throughcut
Areas | and 111 summer oxial depths range between 150 and 200 meters; while
in Area ll, upper axial depths are greater than 200 meters.

(U) During autumn, a permanent upper sound channel is present east of
about 20° W longitude between the Canary Islonds and the Faeroe Platzau (see
Figures 1-9 and 11-9) and in a local area east and south of Bermuda (see Figure
11i-9). The extent of transitory upper sound channel is similar during spring and
autumn. Upper axial depths in the Canary and Iberian Basins are similar to
those during spring and summer, However, in the region north of Cape Finisterre
and east of the Mid-Atlantic Ridge, autumn axial depths average about 200
meters (the deepest during the year). In the Sargasso Sea, outumn axial depths
also are approximately 50 meters deeper than during summer. In the westem
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half of Area |, outumn dato are either insufficient to evaluate or ins “ficient to
contour. However, oxial depths probably are comewhat deeper during autumn
than summer in this rejion,

{U) The causes of an upper sound channe! «ost of the Mid-Atlantic Ridge
have been described by Fenner and Buc. (Dec 1969). Briefly, scuth of about
42° N latitude (Cape Finisterre), an upper sound channel is formed by the
interaction of relatively warm, saiine Mediterranean Intermediate Water (MIW)
with colder, more dilute North Atlantic Central Water (NACW) carried by an
extension of the North Atlantic Current. In this case, upper axial depths coincide
with the bottom of the NACW layer. North of about 50° N latitude, an upper
sound channel is formed by warming of surface and near-surface loyers charac-
terized by permanent or transient positive velocity gradients during winter. In
this case, upper axicl depths correspond roughly with the maximum depth of
summer warming. However, in cases where the maximum depth of summer
waming exceeded the moximum depth of winter ccoling, on upper sound channel
was not found (e.g., south of the Canary lslands and over the Mid-Atlantic
Ridge). Between 43° and 50° N latitude, on upper scund channel is formed by
waming of surface layers combined with interaction of MIW and NACW. This
latter region is characterized by a relatively strong oceanic front from the
surface to depths in excess of 1200 meters caused by the inteiaction of NACW,;
o cold, dilute flow at depth (Arctic Intermediate Water - AIW); and MIW.
Transitory upper sound channels generally were found in regions where various
causative forces were attenuared (e.g., regions of MIW dilution, regions where
winter cooling is attenuated by wam surface currents, etc.).

(U) West of the Mid-Atlantic Ridge iwestern half of Area | and Area llI),
upper sound channels opparently are coused by spring, summer, and autumn
warming of the surface and near-surface layers. Such o hypcthesis explains
the lack of o widespread upper sound channel during winter throughout Area
| and the greater extent of a transitory upper sourd channel in the Labrador
Basin curing suramer than during spring. Preferenticl summer warming in the
regions influenced by the Irminger Current may exploin the permanent upper
sound channel west of the Reykjanes Ridge during summer. The localized
occurrence of a transitory upper sound channel east of the Grard Banks during
winter probably is a result of intensive mixing of waters carried by the North
Atlantic cnd Labrador Currents, In the Sargosso Sea, an upper sound channel
was associated with the "18° Water" of Worthington (1959). Somewhat cooler
winter conditions near Bermuda and the relative absence of “18° Water" during
win‘er threughout the Sargasso Sea moy explain the cbsence cf a permanent
wper sound channel during winter in Area lil.
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(U) Figures 1-10, 11-10, and 1i1-10 show the annual average “strength” of
the upper sound channel (if present) relative to the subsurfoce sound velocity
maximum, This parameter was compiled bv one-degree square and season,
averaged by two-degree square on an annual basis, and generalized into seven
categories. It is presented by two-degree squares on an oanual busis because
of the large temporol and spatial variability throughout the three areas.
Generally, "A", "B", or "C" values (i.e., 6 to greater than 10 meters/
csecond) indicate the effects of high concentrations of MIW and,’or extreme
winter cooling followed by intensive summer waming. “D" and "E" values
(i.e., 2 to &6 meters/second) generally indicate the effects of intermediate
concentrations of MIW ond.or average winter cooling and summer warming
conditions. "F" and "G" values (0.1 to 2 meters/second) generally are
associated wirh transitory upper sound channels and,’or subsurface sound
velocity maxima and indicate attenuation of cousative forces. The reader
is coutioned that two-degree square values of this pammeter often mask
specific seasonal and areal tendencies.

5UBSURFACE SOUND VELOCITY MAXIMUM

(U) Figures I-11, 11-11, and lI1-11 show the annual areal extent and
average axicl depth of the subsurface sound velocity maximum. This parameter
was compiled by one-degree square and season, averaged by two-degree square
on an annual basis, and then contoured on an areal basis. An annual presenta-
tion was chosen for this parameter since seasonal two-degree square averages
vary by less than 100 meters from comparable annual averages throughout most
of the three areas. However, in the vicinity of the Canary Islands, from 43°
and 50° N latitude between about 15° and 30° W longitude, on either side of
lceland, and along 40° N latitude between 50° and 65° W longitude there are
large seasonal variations in the depth of the subsurface sound velocity maximum,
All of these regions roughly correspond to frontel zones either ot the surface,
at intermediate depths, or both. Regions where o subsurface sound velocity
maximum is present greater than 80% of the time, 20-80% of the time, and less
than 20% of the time are indicated on each figure. For purposes of the follow-
ing discussion_ the first case above will be referred to as a permanent subsurface
sound velocity maximum and the second as a transitory subsurface sound velocity
maximum. In the third case, a subsurface sound velocity maximum effectively
is absent.

(U) A permanent subsurface sound velucity maximum is present throughout
the year east of about 20° W longitude between the Cunary Islands and Iceland,
throughout the basin south of Iceland, and across the Reykjanes Ridge into the
central Labrador Basin (see Figures =11 and 11-11). This areal extent is similar
to that of the pemmanent upper sound channel during summer. There is also a

9 UNCLASSIFIED



24

XY
TV EDRT

UNCLASSIFIED

XN S sy
S O ST A L AR
JRR e i e

A BRI oy
et

pemanent subsurfsce sound velocity maximum in separate regions scuth. aud east
of the Gran ! Banks and 'n the centra! Sargasso Sec (see Figures I~11 ond $il-11),
Transitory subsurface sound veioaity madima are found throughout all thiee o eas
north of otout 25¢ N latitude «xcep' over the Mid~Atlontiz Ridge, in o regicn
directly off Grund Banks, und «n the northerm Lobrador Basin., The annual average
depth of the subsurface sound velocity maximum east of the Mid-Atlantic Ridge
decreases to the north from 1300 meters necr the Canary Islands to less than 500

. meters south of Iceland. West of the Mid-At’antic Ridge, depths range from less

than 200 meters in the north to greater than 400 meters in the central Sargasso

ey
o

velocity maxima ore caused salely by MIW south of about 43° N latitude, by

; winter cooling north of about 50° N latitude, and by a combination of both
factors between about 43° and 30° N latitude and in the deep water channel
between the Faeroe Plateaw and Purcupine Bank (Fenner and Bucca, Dec 1969).
In the first region, the depth of *hic parameter coincided well with the depth
of the MIW high solinity core ‘salinity maximum). [n the second region, the
depth of the subsurface sourd velocity maximum coincided roughiy with the
maximum depth of winter cooling. In the third region, MI% was found to

- accentuate the depth of subsurface sound velocity maxime originally formed

P . by winter cooling.

3 ! Seq

‘U) In the Northeast Atlantic teast of 30° W longitude), subsurface sound
¢
/

(U) West of 30° W longitude {i.e., in the western half of Areo | and in
Areac 1), subsurface sound velocity maximo are considerably shooler than
those in the Northeast Atlantic and roughly coincide either with layer depths
or the bottom of the “18° Water” fayer. Therefore, both the temporal and
spatial variability of this parameter are greater west of the Mid-Atlantic
Ridge. Despite intensive winte. cooling throughout the Labrador Sea (to
depths in excess of 500 meters), subsurface sound velocity maximo similar to
those north of Porcupine Bark are not present in the western holf of Area |,
This is largely due to extremely low salinity water carried by the Labrador
and West Greentland Currents :less than 34.9 °/oa according to Lee and Ellett,
1967). In this region, winter cooling causes positive velocity gradients through-
out the water column (see Figure 1-12), ond summer worming cauaes o deep
sound channel oxis at o depth somewhai belaw the absolute salinity minimum
(often at the su'face). Therefore, a subsurface sound velocity meximum is not
formed despite intensive winter cooling. The tongue with subsurface sound
velocity maxima at greater than 400 meters that lies west of the Reykjanes Ridge
at about 60° N latitude is apparently related to higher salinity and wamer
woters that are transported by the Irminger Current. This tongue corresponds
well with the shape of ischalines and isothems shown by Wust and Defant (1936)
at 400 ona 600 meters.
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(WU} The Pclar Front is shown clearly in the rapid transition of subsurfac .
sound velocity maxima on either side of Iceland. Transitional recyions aiso
are found aiong the northern boundary of Area 11l (northern wall of Gulf
Stream), in the region extending from about 43° to 50° N latitude between
about 15° and 30° W longitude (frontal zone coused by interaction of NACW,
AIW, and MIW}, and in the vicinity of the Canary Islands {region of ropid
dilution of MIW), In all these regions of rapic transition, the su' surface sound
velocity maximum tends to merge with either the upper or deep sound channel
to form a basically trilinear sound velocity profile.

DFZr SOUND CHANNEL

(U} Figures 1-12, 11-12, and 1il-12 show contours of the annual axiol depth
of the deep sound channel. This parameter was compiled and contoured in a
manner similar to that used for the subsurface sound velocity maximum. An
arnual presentation was chosen for deep axial depth since in an' given two-
degree square seasonal variations were as great as annual varictions. in
additio., deep axial depths at any given latitude generally are not directly
related to the annual heating and cooling cycle (i.e., deeper values in
summer, shoaler values in winter), A deep sound chonnel is found throughout
the year in oll three areas except in regions off Grand Banks and south and
east of Greenland {see¢ Figure 1-12), In these two regions, intensive cooling
results in positive velocity gradients during the colder months of January
through April. During *he summer, o deep sound channel is formed in these
two regions by warming of the surface and neur-surface layers. In a small
region off Cape Farvel, positive velocity gradients ore present throughout the
year.

{U) Annual deep axial depths in the North Atlantic range from greater than
2000 meters off the lberian coast (see Figure 11-12) to less than 100 meters off
the Grand Banks and Greenland (see Figure 1-12). Two major features are
opparernt in the overall deep axial depth structure. The first consists of a
tongue with anomelously deep values of this parameter thot extends west
southwest from the Iberian Coast across the North Atlantic to Bermuda. This
tongue is bounded by the 1200-meter deep axial depth isoline and its shape
corresponds well with the preferential flow of high salinity MIW shown by
Worthington (1970). Deep axial depths shoal morkedly to the north and south
of this tongue. The second major feature consists of a tongue with anomulously
shoal values of this parameter than extends along about 55° M latitude from
alout 40° to about 20° W longitude. This tongue is bounded by the 900-meter
deep axial depth isoline and its shape corresponds well with the 35.0 %, and
less isohalines shown at 400, 600, and 800 meters by Wust and Defant (1936).
The latter tongue corresponds to the flow of low salinity AIW. Deep axial
depths tend to deepen to the north and south of 55° N latitude.

n .. UNCLASSIFIED
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(U) Zones of rapid change in deep axial depth are found to the east and
west of lcelend (Folar Front), south and east of Grand Banks (at confluence
of the Gulf Strean, North Atlantic Current system ond the Labrador Current),
and in the vicinity of the Canary Islands (region of rapid dilution of MIW),
The extremely broad deep sound channel south of about 30° N latitude in both
Areas |1 and 11! apparently is a result of diluted concentrations of high salinity
MIW (Fenner and Bucca, Dec 1969). However, in the southwest corner of
Area 11, ine width of the channel is constricted by intrusion of low salinity
Antarctic Intermediate Water (AAIW) from the south. In the westemn half of
Area |, the sound chanr~! also is narrower because of low salinity AIW,

BATHYMETRY SHOALER THAN CRITICAL DEPTH

(U) Figures 1-13, 11-13, and H11-13 show the ai-~int of bathymetry extending
above average critical depth during the composite six-month winter season
(Nov-Apr). Figures 1-14, 11-14, and I11-14 show the same parameter ‘~r the
composite six-month summer season (May-Oct). These composite seazons were
chosen because of the lack of data in various regions of the North Atlantic
during one or more of the four standard seasons. In addition, six-month depth
difference charts show relatively small changes in 500-fathom contours at
three-month intervals. In preparation of these figures, critical depths were
compiled by one-degree square for each of the two seasons, averaged by two-
degree square, ond then contoured on ar areal basis. Bathymetric charts then
were overlayed with the critical depth contours and areas where bathymetry
exrended above critical depth were outlined. Except in 1he Mortheast Atlantic
between 30° and 60° N laritude east of 30° W longitude, bathymetric charts
compiled by NAVOCEANO for the National Intelligence Survey (NIS) prior
to 1960 were used in constructing these figurez, In the Northeast Atlantic, the
charts of A. S. Laughton (National Institute of Oceanography, Wormley,
England) were used. Critical depth contours are based on NODC serial sound
velocity profiles processed as of Jonuary 1969, supplzmented by sound veloci-
meter and Nansen cast dato from the MGS and CAESAR programs and sound
velocimeter data from Woods Hole Ocecnographic Institution and Lamont-
Doherty Geological observatory.

(U) During both seascr.: substantial areas of bathvmetry stoaler than critical
depth are associated with major physiographic features such as the Mid-Atlantic
Ridg~, the Reykjanes Ridge, the Faeroe Plateau, Porcupine Bank, various sea-
mounts west of Gilbraitar, the Canary Rise, the Bermuda Rise, the New England
Seamounts, and the Grand Banks. The amount of bathymetry shoaler than
critical depth is less during winter than during summer in all cases because of
th2 shallower critical depths during this seascn, Of particular interest is the
lesser amount of bathymatry choaler than criticai depth associated with the
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New England Seamounts, Bermudo Rise, and the intersection of the Reykjanes
ond Mid-Atlantic Ridges (Gibbs Fracture Zone) during winter (compare Figures
1-13 end 1-14 ond Figures 1i-13 and i11-14),

BATHYMETRIC INDEX CHARTS

(U} Figures I1-15, 11-15, ard {11-15 are indices of the best available
bathymetric contour charts for the three LRAPP priority areas. Four types of
charts were used incompiling these figures:

o NAVOCEANO North Atlantic Regional Charts compiled in 1969

e Charts of A. S, Lavghton (National Institute of Oceanography,
Wormley, Englard} canpiled in 1966

s MAOCEANO Bathymetric Contour charts (BC's) contoured in
the indicated years

e Charts contoured prior to 1960 as part of the Nationcl
Intelligence Survey (NIS) program,

Individua!, lorge-scale charts of specific lerations or bathyretric features have
not been included on these indices.

SURFICIAL BOTTOM SEDIMENTS

Figures I-16, 11-16, and li!-16 show the locotion by one~degree square
of bottom sediment sumples heid by NAVOCEANO. These figures reflect the
some dota distribution shown on Figure V-6 of H.O. Publication No. 700
(NAVOCEANO, 1965), Therefore, the bibliography contained in the above
publication also applies to the three figures. There are large variations in
the quantity ond quality of bottom sediment dcta throughout the three areas.
Only o few shallow nearshore regions have been sampled adequately.

Figures 1-17, 11-17, and 111-17 show the classification of surficial
bottom sediments on the basis of principie groin size constitueats, These
figures were taken directly from Figures V-7 and V-8 of H,O. Publication
No. 700 (NAVOCEANQ, 1965). Generally, coarser sediments are found
over the Mid-Atlantic and Reykjanes Ridges and on the continental shelves.
Other regions primarily contain muds, sands, and mud-sands.

13 UNCLASSIFIED
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BOTTOM CORE INVENTORIES

(U) Figures {-18, 11-18, and 1I-18 show the location by one~-degree square
sf unclassified bottom cores held by NAVOCEANO. A recently updatec
computer plot of these cores was provided by E., Wilcox, Oceanographic
Analysis Division, NAVOCEANO. Cores indexed on these figures vary
considerably in lerigth and in type and quality of analysis.

CONTHINUOUS SEISMIC PROFILE INVEMTORIES

(U) Figures 1-19, 11-19, «nd 11i- 19 show a partial inventory of continuous
seismic profiles of the subbottom on o one-degree square grid. These figures
are based on the following data sources.

o All data collected in the following NAVOCEANO MGS Atlantic
Task Areas:

- Alpine Area SF (NAVOCEANO, Feb 1967¢)

- Alpine Area ST (NAVOCEANO, Aug 1968)

- Alpine Area | (NAVOCEANO, Sep 1966b)

- Texos Instruments (T1) Area 2 (NAVOCEANO, Mar 1968)
- Tl Area 3 (NAVOCEANQ, Oct 1968)

- Ti Area 5 (NAVOZEANO, Jan 1967)

- Tl Area 7/4 (NAVOCEANQ, Apr 1969)

¢ All data collected on Cruise 9 of the USNS KANE (Lowrie and
Escowitz, 1969}

e Data collected by the Woods Hole Oceanographic Institution on tne
following cruises of the R/V CHAIN:

- No. 7, 1959 (Dunkle and Hays, May 1966)

- No. 21, 1961 (Ibid.)

- No. 34. 1962 (Ibid.)

- No. 36, 1963 (lbid.)

- No. 39, 1963 (Ibib.)

- No. 43, 1964 (lbib.)

- No. 44, 1944 (Ibib.)

- No. 70 and No. 73, 1967 (Knott, et al., Jul 1968)
- No. 82, 1968 (Dunkle, Jun 1969)

14 UNCLASSIFIED
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e Data collecied by the Lamont-Doherty Geological Observatory
aboard the RA/ VEMA and K/V CONRAD, as contained in the

following references:

- Ewing, et al. (1960)

- Wilson (1963)

- Ewing, et al. (1964)

- Jones and Ewing (1969).

Major oceanographic, geological, and geophysical journals and serial publica-
tions from major nationa! and intemational oceanographic institutions and
organizations have been searched in preparing these figures. Tracks shown on
these figures represent profiles taken with sparker, boomer, and air gun systems.
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FIGURE IT-12: ANNUAL AVERAGE DEPTH OF DEFP SOUND CHANNEL AXIS
(in meters X 100)
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FIGURE TI-13: AATHYMETRY SHOALFH THAN AVFRASCE TRITI AL v pPTH
FOR WINTER (Mov-Apr)
(Contour interval = 500 fathoms)
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